The tetrazolium test is a quick and effective method for evaluating viability in seeds. The aim of this study was to determine a methodology for using the tetrazolium test, and its efficiency in verifying viability in seeds of the gherkin (Cucumis anguria L.). Consequently, five batches of gherkin seed were initially evaluated by the tests for germination, first count and speed of germination. The batches were then subjected to treatments in order to adjust the methodology for the tetrazolium test, evaluating three concentrations of tetrazolium solution (0.100, 0.075 and 0.050%), kept in the dark for two, four and six hours, under temperatures of 35 °C and 40 °C, with four replications of 25 seeds per treatment. At the end of the staining period, the seeds were washed in running water, split lengthways between the cotyledons, and classified as viable and non-viable. Evaluation of viability in seeds of the gherkin by tetrazolium test is efficient when carried out at a concentration of 0.050%, either for six hours at 35 °C or four hours at 40 °C.
INTRODUCTION
Gherkin (Cucumis anguria L.) belongs to the Cucurbitaceae family, which produces fleshy fruits used in cookery, especially in the North and Northeast regions of Brazil. The gherkin crop is considered as secondary, due to its low yield and for having great genetic variability of the cultivated material, which leads to nonuniformity in fruit production and, consequently, production of seeds with low physiological quality (MEDEIROS et al., 2010; OLIVEIRA et al., 2014) .
The physiological quality of the seed determines its viability and vigor, which are evaluated through laboratory analyses that express this potential in a precise, rapid and efficient way. For this purpose, the germination test is the most used to verify the viability of seeds and its result represents the maximum potential of the seed lot obtained under favorable environmental conditions (BRASIL, 2009) .
Although the germination test is widely used, it has limitations, especially regarding its duration, requiring the use of other faster tests, such as the tetrazolium test. This test has attracted the attention of researchers, because it allows to efficiently estimate viability and vigor of the seeds, besides favoring the identification of factors that influence their quality (GUEDES et al., 2010; MARCOS-FILHO, 2015) .
Various factors interfere with the tetrazolium test, especially those related to the execution methodology, such as the preparation of seeds before coloration (GASPAR-OLIVEIRA et al., 2011) . The effectiveness of this test in the evaluation of seed vigor and viability depends on the application of appropriate methods for each species, such as the pre-conditioning and cut of the seeds, which are necessary for the penetration of the tetrazolium solution into the embryonic tissues (BRASIL, 2009; GUEDES et al., 2010) . However, despite the importance of the pre-conditioning of the seeds, the concentration of the solution, coloration temperature and time of exposure of the seeds are fundamental steps for the adjustment of the methodology of the test to the seed of each species (GASPAR-OLIVEIRA et al., 2011) .
Temperature leads to significant gains in the execution time of the test; as it increases, there can be an increment in the speed of seed imbibition and, consequently, in coloration (RODRIGUES et al., 2015) . Another aspect considered as important is the concentration of the tetrazolium solution, which may vary from 0.5 to 1.0% (BRASIL, 2009) . However, recent studies with various species have indicated that the use of solution at 0.075% allows the development of ideal coloration in both vigorous and non-vigorous tissues (BHERING; DIAS; BARROS, 2005; LIMA; PINTO; NOVEMBRE, 2010; NERY; CARVALHO; OLIVEIRA, 2007; NOGUEIRA; TORRES; FREITAS, 2014) .
The period of seed immersion in the tetrazolium solution also influences the results, because the excessive contact time of embryonic tissues with the solution may lead to development of coloration even in dead tissues or a very intense pink color in living tissues, compromising the interpretation and possibly the efficiency of the test (COSTA; SANTOS, 2010; SANTOS; NOVEMBRE; MARCOS-FILHO, 2007; SILVA et al., 2013) .
Therefore, this study aimed to determine the methodology of execution of the tetrazolium test and its efficiency to evaluate the viability of gherkin seeds.
MATERIAL AND METHODS
The experiment was carried out at the Laboratory of Seed Analysis of the Department of Plant Sciences of the Federal Rural University of the Semi-arid Region (UFERSA), Mossoró -RN, Brazil, using five lots of gherkin seeds, variety 'maxixe-do-norte'.
Initially, gherkin seeds were subjected to the following determinations and tests: a) germinationconducted with four replicates of 50 seeds, distributed on sheets of paper towel moistened with water in the amount of 2 times the weight of the dry substrate and maintained in a germinator at 25 ºC with photoperiod of 8 h of light. The evaluations were performed at 4 and 8 days after sowing, determining the percentage of normal seedlings; b) germination speed -performed simultaneously to the germination test, with data obtained daily until 10 days after sowing and calculated according to Maguire (1962) .
Preliminary tests were conducted for the determination of water absorption rate by the seeds, aiming at their preparation for coloration in the tetrazolium solution. For that, imbibition temperature (30 and 40 °C), seed moistening method (immersion in water and between moistened paper towel) and the period of imbibition (12 and 16 hours) were evaluated. Immersion of the seeds in water at 40 ºC for 16 h was adopted in the tests, because it was the best procedure of pre-conditioning. Then, the seeds were longitudinally sectioned in the center of the embryonic axis, with later removal of the tegument, and one of the halves of the embryo of each seed was submersed in solution of 2,3,5-triphenyltetrazolium chloride, at the concentrations of 0.100, 0.075 and 0.050%, in the dark, at temperatures of 35 and 40 ºC for 2, 4 and 6 h, using four subsamples of 25 seeds, inside plastic cups. After the periods of coloration, the solutions were drained and the seeds were washed in running water and evaluated for uniformity, location and intensity of coloration of embryonic tissues, being classified into two categories: viable and non-viable (NERY; CARVALHO; OLIVEIRA, 2007).
Viable seeds were considered as those whose embryo showed uniform shiny pink color, tissue with normal aspect, firm, with embryonic axis and cotyledon node region colored and cotyledon with more than 50% of its surface colored ( Figure 1A ). Non-viable seeds were those with totally white or intense red color, soft tissues, characterizing dead tissue and seeds with the entire embryonic axis in an intense carmine red ( Figure 1BC ).
The statistical design used was completely randomized, in a 5 x 3 x 3 factorial scheme (seed lots x tetrazolium solution concentrations x periods of seed immersion in the solution), with four replicates. Two experiments were conducted; the first adopted the coloration temperature of 35 ºC and the second adopted the temperature of 40 ºC. The obtained results were subjected to analysis of variance and, in case of significance, Tukey test at 0.05 probability level (p<0.05) was applied using the statistical program SISVAR (FERREIRA, 2011) and, subsequently, Pearson's correlation analysis (p<0.05).
RESULTS AND DISCUSSION
The results of germination, first count and germination speed index of the seeds allowed to infer that the physiological potential of lot 5 was superior to the others. For these analyzed variables, the lots 2, 3 and 4 did not differ statistically and were superior to lot 1, which showed the worst results (Table 1) .
For the follow-up analysis of the factor Lots at temperature of 35 ºC, lot 5 was superior to the others, regardless of the evaluated concentrations and periods (Table 2) . Lots 2 and 3 also obtained satisfactory results when exposed to the tetrazolium solution for 6 h, at the concentrations of 0.050 and 0.075%. In addition, it was observed that the seeds from lot 1 obtained the lowest percentages of viable seeds. The results found in the present study corroborate those of the germination test, in which lots 1 and 5 showed the lowest and highest vigor, respectively (Table 1) .
According to the follow-up analysis of the concentration in the interaction Lots x Period, the immersion of the seeds in tetrazolium solution for the different concentrations during the period of 2 h was not adequate for the evaluation of the viability of gherkin seeds. The concentrations of 0.050 and 0.075% were the ones that best expressed the viability of the lots, when evaluated in the period of 6 h. The application of this methodology allowed the identification of the lots 5, 3 and 2 as those with higher percentage of viable seeds in comparison to the others, which is similar to the results of the germination test (Table 1) .
For seeds of cucumber (Cucumis sativus L.), which belongs to the same genus of gherkin, the concentration of 0.075% of tetrazolium salt was also sufficient to evaluate the viability, but for immersion of 1 h, a period shorter than that found in the present study (LIMA; PINTO; NOVEMBRE, 2010). Table 2 -Percentage of viable seeds of gherkin in the tetrazolium test for different combinations of immersion period and concentrations of the solution at temperature of 35 ºC 1 Means followed by the same lowercase letter (a, b, c) in the column do not differ for the follow-up analysis of the factor Lots by Tukey test (p<0.05). 2 Means followed by the same uppercase letter (A, B, C) in the row do not differ for the follow-up analysis of the factor Concentration by Tukey test (p<0.05).
3
Means followed by the same letter (x, y z) in the row (correlating the same temperature) do not differ for the follow-up analysis of the factor Immersion period in the solution by Tukey test (p<0.05)
In the follow-up analysis of the exposure periods, the period of 6 h promoted higher number of viable seeds for all studied lots, regardless of the concentration used (Table 2) . Hence, it can be inferred that, for the tetrazolium test at temperature of 35 ºC, it is necessary a longer period of immersion of the seeds in the solution to obtain the adequate coloration pattern, possibly because the utilized temperature does not stimulate higher respiratory activity of the living tissues of the seeds, which may be confirmed with the test at temperature of 40 ºC. As to the coloration pattern, the period of exposure of 6 h and concentration of 0.100% proved inadequate, since the embryos assumed an intense red color, which may lead to misinterpretation of the results, resulting in underestimation of the viability of the seed lot.
The low concentration of the tetrazolium salt in the solution, combined with the short period of exposure of the seeds (2 h) at low temperature, was not sufficient to promote the coloration of the living tissues of the seed, especially in the region of the plumule, where the coloration is usually more intense, thus making it difficult the distinction between living and dead tissues, causing lower accuracy in the results of the test (SILVA et al., 2013) . Souza et al. (2010) also reported difficulties in the evaluation of essential structures of triticale seeds, using low concentrations and short periods of time.
For the follow-up analysis of the factor Lots at temperature of 40 ºC, it was observed that the lots 2, 4 and 5 obtained higher number of viable seeds in comparison to the lots 1 and 3 for all concentrations used in the exposure times of 2 and 4 h, respectively. In addition, lot 5 showed the lowest percentage of viable seeds, when exposed to low concentrations of tetrazolium in the longest period of exposure (Table 3) (Table 3) , conducted in the periods of 2 and 6 h, underestimated and overestimated, respectively, the viability of gherkin seeds, because these conditions led to the non-coloration of living embryos and coloration of dead embryos, respectively.
As to the follow-up analysis of the factor Concentration, there was no significant difference in the concentrations used for the period of 2 h. However, the concentrations of 0.050 and 0.075%, for the period of 6 h, underestimated the viability of the seed lots, except for lot 5, which was considered as non-viable due to the higher degree of coloration. However, the immersion of the seeds in solution with concentration of 0.050% for 4 h allowed adequate coloration and more precise identification of the viable seeds of the lots, a result similar to those obtained in the germination test (Table 1) . Since the response of the tetrazolium test depends on the concentration and period of immersion of the seeds in the solution at adequate temperature, when the concentration of 0.050% was used, the viable tissues developed a little lighter pink color, not interfering with the interpretation of the test during the first 4 h of exposure. For Sarmento et al. (2013) , the use of tetrazolium solution at 0.050% for 2 h, at 40 ºC, was efficient for the coloration of Brazilian guava seeds, corroborating the results observed in the present study, also denoting that the temperature of 40 ºC requires lower tetrazolium concentrations for the test.
The Rules for Seed Analysis recommend the use of tetrazolium solution at 1% under 30 ºC for 6 to 24 h for the coloration of embryos of seeds of species from the genus Cucumis for the evaluation of viability (BRASIL, 2009) . Temperatures of 35 and 40 ºC were used in the present study in order to decrease the duration of the test; however, the use of higher temperatures did not allow the utilization of tetrazolium solution at 1% in the present study, for promoting intense colorations in the entire extension of the embryo, thus denoting the non-viability of the seeds. Different results were obtained by Deminics et al. (2014) , who observed that the concentration of the tetrazolium solution at 1.0% for 150 min allowed to evaluate the viability of the lots of velvet bean seeds even at low temperatures, which can be related to some intrinsic characteristic of the species.
As to the period of immersion of the seeds in the solution at temperature of 40 ºC, the immersion for 2 h did not promote sufficient coloration for the identification of the viability of gherkin seeds, possibly due to the short time of exposure to the tetrazolium solution. On the other hand, the exposure of the seeds for 6 h promoted greater coloration and may induce the overestimation of the viability of the lots by the seed analyst, probably due to the intense coloration caused by the long time of exposure. Thus, the intermediate time of 4 h stood out as ideal, for expressing higher similarity between the vigor observed through the tetrazolium test and the vigor in the germination test, especially at the concentration of 0.050%, in which the lots 5, 2, 3 and 4 were considered as viable and lot 1 as non-viable (Tables 1 and 3) . Coloration of wheat seeds through immersion (2 h, at 40 °C) in a tetrazolium solution at 0.075% was recommended for the identification and rejection of lots with lower viability (CARVALHO et al., 2013) .
The highest values of Pearson's correlation index were observed in the tetrazolium test at concentration of 0.050% for 6 h of exposure, at temperature of 35 ºC, and at concentration of 0.050% for 4 h at temperature of 40 ºC (Table 4) .
The correlation analysis corroborates the obtained results, indicating that there is potential of use of the tetrazolium test for the identification of the viability of gherkin seeds. In addition, it is observed that the use of the temperature of 40 ºC reduced the duration of the tetrazolium test, possibly due to the increase in the speed of respiration of embryonic tissues, activity of the dehydrogenase enzymes involved in this process and the amount of formazan formed inside the cells, because (BRASIL, 2009; GUEDES et al., 2010; RODRIGUES et al., 2015) .
Regarding the concentration, it was observed that the concentration of 0.050% of tetrazolium solution is the most adequate for the test, with possibility of using the solution concentrated at 0.075%, but with lower precision (Table 4) . However, the concentration of 0.100% proved inappropriate for both temperatures. These results were similar to those observed in other studies with respect to the evaluation of seed viability (COSTA; SANTOS, 2010; NERY; CARVALHO; OLIVEIRA, 2007; NOGUEIRA; TORRES; FREITAS, 2014; MARCOS-FILHO, 2007) .
